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Shoreline stabilization projects can cause significant adverse environmental impacts to the coastal 

ecosystem.  By incorporating conservation measures into a project during the planning, design, 

construction, and post-construction phases, many of the potential adverse environmental impacts 

can be avoided and minimized.  This paper outlines best management practices (BMPs) that can be 

utilized as conservation measures to avoid, minimize, and mitigate adverse environmental impacts 

from shoreline stabilization projects.  The first approach that best avoids and minimizes adverse 

environmental impacts from shoreline management is to “do nothing” and retreat roads and 

structures away from the shorelines as sea level rises and climate changes, and to prevent new 

development in naturally hazardous or migrating areas.  Where shoreline stabilization is proposed, 

BMPs are presented in sections for dune, beach, nearshore, offshore, inlet and estuarine habitats, 

and an adaptive management framework is presented for project management (i.e., operations and 

maintenance) and issues relating to climate change and rising sea level.  A glossary is included for 

key words and an extensive bibliography summarizes the scientific literature that provided scientific 

background and data in the development of these BMPs as conservation measures. 

 

 

SECTION I:   DUNES 

 

Artificial dunes should not be constructed by heavy equipment (i.e., bulldozers) by scraping the 

beach for sediment or through the addition of beach fill material mined elsewhere and pumped or 

hauled to the beach.  Artificial dunes are typically constructed in continuous ridges that act like 

levees or dikes to protect inland areas from flooding and overwash, but they do not function like 

natural dunes or possess the same ecological services.   

 

Wherever and whenever possible, new dunes should be created through the planting of native 

vegetation to trap natural windblown sediment.  In undeveloped areas especially, vegetation alone 

should be used so that the resulting dunes are the most natural in size, shape and location, and to 

mimic natural dune development and growth processes (e.g., upward and lateral growth over time).  

Vegetation builds better dunes in the long-term (albeit after a short time lag) and maintenance is 

nearly nonexistent, avoiding environmental impacts after the initial installation. 

 

In highly developed areas and on a small scale, the judicious use of sand fencing could be used as 

long as appropriate maintenance and removal provisions are undertaken and enforced.  For 

example, fencing should be raised periodically to keep pace with incipient dune growth and should 

be removed once the new dunes are a few feet tall (e.g., less than 3 feet) or after 18 months have 

passed so that damage caused by the removal to the surrounding environment is minimized; native 

plants can then be planted at grade to facilitate further dune growth.  Sand fencing materials should 
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never be left on the beach, buried under dunes, as it poses a hazard during storms and will become 

exposed as dunes migrate or are eroded by storms.  Multiple rows of sand fencing should not be 

used, as they do not mimic natural dune development and growth processes, hinder the movement 

of wildlife and people, and limit the fetch with which supplemental rows can trap windblown sand. 

 

Sand fencing should not be continuous but should be intermittent to allow passage for people, 

nesting and hatchling sea turtles, unfledged shorebird and waterbird chicks, and other wildlife that 

move between the dune line and the rest of the beach.  Fencing should be placed perpendicular to 

prevailing wind directions to best trap naturally blowing sediments.  Protective buffers of at least 

100 – 180 meters (m) should be maintained around known locations of sensitive or listed wildlife 

and at least 10 m around sensitive or listed plant species so that fencing and the installation process 

does not trample or harm nests or vulnerable plant species.  Sand fencing should not use materials 

that create perches for avian predators near known bird nesting areas and should be configured and 

oriented in accordance with existing guidelines to protect listed species such as sea turtles. 

 

Vegetation plantings on existing or new dunes should consist of native species that reflect the local 

plant communities for the planting zone (e.g., foredune, dune face, dune crest, back of dune).  

Botanical surveys should be taken prior to the planting of any vegetation to identify the local plant 

community assemblages, and where possible historical records should be reviewed to ensure that 

only plants native to a specific barrier island or beach are used.  For example, if historic records 

indicate that a threatened or endangered species used to occur on a particular beach and is now 

locally extirpated, it could be reintroduced. 

 

Vegetation should be locally grown, where possible, and not harvested from wild stock unless the 

plants are being transplanted from an area where they would otherwise be destroyed by a 

development or construction project or where harvesting will not adversely affect local populations.  

Plantings should not be a monoculture but instead a diverse assemblage that reflects the local plant 

community type(s).  Plants should not be planted on a regular spacing with rows but instead should 

be more random and reflect their natural spacing(s), which should be identified during the botanical 

survey.  Long-term fertilization with nitrogen should not be conducted in order to avoid long-term 

alterations to species diversity, composition and density (Day et al. 2004). 

 

When using sand fencing or vegetation to restore or create new dunes on a large scale, a 

geomorphological survey of the barrier island or beach (or a nearby undeveloped, natural area if the 

project beach is developed) should be conducted prior to action in order to identify the existing, 

undisturbed dune morphology for replication.  The dune length, height, and width; number of dune 

ridges and their spacing(s); whether wetland swales are present; and the spacing of natural gaps 

should all be identified.  These factors should guide the design of fencing and/or vegetation 

placement so that any restored or created dunes should blend seamlessly with the existing 

environment.  If the project area is developed and a nearby natural area is utilized as a design 

model, the surveys should utilize areas in a state as close to the project area as possible; for 

example, a natural area of heavily vegetated, mature dunes would not be appropriate as a model for 

a project area devoid of any dunes or vegetation.  Rather, incipient dunes and pioneering vegetation 

would be the more appropriate model. 

 

In all cases, overwash should be allowed to continue unimpeded, including in dune gaps.  Off-road 

vehicle (ORV) traffic should be prohibited on and in between dunes. 
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Pedestrian traffic should be encouraged to use dune crossovers or designated pedestrian paths to 

avoid disturbing the dune ecosystem, particularly in areas that host vulnerable species such as 

nesting birds, beach mice and listed plants. 

 

Beach access points should not be cut into existing dunes but should utilize dune crossovers and 

boardwalks that avoid disturbing the dune system.  Access points should not be located in areas 

with known wildlife nesting or breeding areas, such as remnant early successional habitats, dune 

blowouts and overwash areas, in order to avoid impacts to vulnerable or sensitive wildlife and 

vegetation.  Access points should not align with streets or driveways that are perpendicular to the 

beach, as they can funnel flooding and overwash farther inland than would naturally occur, 

potentially damaging property and facilitating island breaches. 

 

 

SECTION II:  BEACHES 

 

Hard stabilization should only be used in cases where extreme development has occurred on a 

shoreline, such as in highly urban areas like Manhattan.  Where hard stabilization (e.g., seawalls, 

bulkheads, revetments, riprap, sandbags, groins) is installed, the eventual loss of the beach and its 

associated habitats is virtually assured.  Therefore, if and when new hard stabilization is justified, a 

thorough environmental impact statement (EIS) should be prepared and mitigation for the loss of 

ecosystem services and habitat should be incorporated into the project design.  Mitigation measures 

can include the removal of hard stabilization structures in other nearby locations, the relocation of 

buildings and structures that are impeding the natural landward migration of the beach system as sea 

levels rise, or the restoration of beaches where they have been historically lost to shoreline 

stabilization. 

 

Soft stabilization (i.e., “beach nourishment”) causes significant adverse environmental impacts and 

likewise should only be undertaken after a thorough EIS has been prepared.  The design of a beach 

fill project should incorporate empirical evidence on the performance of other nearby beach fill or 

dredged material disposal projects; for example, if a nearby beach fill project typically „disappears‟ 

or erodes within 3 years, the engineering design of a new project should not realistically assume that 

the new project will last 5 to 7 years before requiring “maintenance” with more “renourishment.”  

Emergency “berms” should be considered beach fill projects and be subject to the same BMPs or 

conservation measures as a planned fill or dredge disposal project; the only difference between an 

emergency berm project and a planned beach nourishment project is the level of planning and 

consultation involved. 

 

Where a beach fill or dredged material disposal project is proposed, the new sediment must be 

compatible with the native sediment on the existing beach.  Visitors and wildlife should not be able 

to distinguish the fill material from the existing native beach material in color, grain size, 

mineralogy, compaction, or any other characteristic.  The native beach sediments should be sampled 

and analyzed at the dune, across the berm, in the surf zone, and the nearshore before any project is 

undertaken.  The fill material should also be sampled periodically during construction, especially in 

areas with sensitive plants or wildlife, to catch any incompatible or unexpected material as soon as 

possible.  Comparison of the native sediments to the proposed fill material should be conducted 

prior to construction, with compatible material defined as: 
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1. Material consisting solely of natural sediment and shell material, containing no construction 

debris, toxic material or other foreign matter; 

2. Material consisting predominantly of quartz, carbonate (i.e., shell, coral) or similar material 

with a particle size distribution ranging between 0.0625 millimeters (mm) and 4.76 mm, 

classified as sand by either the Unified Soils or Wentworth classification systems; 

3. Material similar in color and grain size distribution (sand grain frequency, mean and median 

grain size and sorting coefficient) to the native material in the project area; 

4. Material containing less than or equal to 2 % fine-grained sediment (< 0.0625 mm, 

considered silt, clay and colloids) by weight, unless sufficient sampling of the project area 

indicates that the native sediment grain size distribution contains > 2 % fine-grained 

material, in which case compatible material should be considered the percentage of fine-

grained native material plus no more than an additional 2 % by weight; 

5. Material containing coarse gravel, cobbles or material retained on a ¾ inch sieve in a 

percentage or size not greater than found on the native beach; 

6. Material that does not result in cementation of the beach; and 

7. Material that does not contain carbonate (i.e., shell) material that exceeds the average 

percentage of carbonate material on the native beach by more than 15 % by weight. 

  

 

The overall volume of fill material to be added to the beach in any fill episode should not exceed 

50% of the estimated annual net sediment transport for the beach in order to minimize the 

magnitude of the disturbance to the ecosystem and to prevent large-scale alterations of the local 

coastal processes.   

 

The beach fill design that avoids the most adverse environmental impacts to the beach is probably 

the one began in 2004 at Assateague Island National Seashore in Maryland, where sand bypassing 

at the adjacent inlet is conducted by using a shallow hopper dredge to place fill only in the 

nearshore environment, as close to the beach as possible.  As the hopper slowly dumps its fill, the 

dredge moves closer to shore as its load lightens.  No fill is placed on the subaerial portions of the 

beach, avoiding impacts to those habitats and their resident and migratory wildlife and plants.  

Impacts will still occur on nearshore habitats, however. 

 

Where beach fill is proposed for the subaerial portions of the beach, the design template should 

replicate the natural, existing beach profile, including any bar and trough morphology.  Several 

small scale fill projects minimize adverse impacts when compared to a single, large-scale project.  

Fill should not be placed in a continuous section of beach, but should be divided into several short 

sections where every other section is filled.  This design leaves undisturbed refugia for fish and 

wildlife resources, which then can enhance the recovery of invertebrates within the fill sections by 

having source populations scattered throughout the project length instead of only at the ends.  

Sediment will naturally move from the fill sections into the unfilled sections on the littoral drift, 

increasing the beach width in unfilled sections over time but without direct burial of the benthic 

ecosystem.  Subsequent „renourishment‟ episodes can alternate which sections receive fill.  

Individual sections should not exceed 2000 feet in length unless scientifically rigorous monitoring 

indicates that this length is too long to facilitate benthic recovery or that benthic recovery occurs 

relatively fast and the length may be increased.  The timing of the deposition (e.g., the season – fall, 

winter, spring or summer) should avoid the most biologically productive seasons, including 

spawning and recruitment periods for benthic invertebrates; this should enhance recovery rates 
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following deposition of the fill material.  For the eastern and southeastern United States, the best 

construction window is generally from November to February.  

 

Beach fill should be of the thinnest depth possible (Defeo et al. 2009 recommend repeated 

application of layers of sediment, none thicker than 30 centimeters (cm)) to facilitate the 

repopulation of fill areas with benthic invertebrates.  Some invertebrate species may survive 

shallow burial, minimizing mortality of these resources.  The berm height should not be uniform but 

should vary along the beach fill, allowing waves, tides and overwash to penetrate the beach to 

varying degrees and creating a diversity of topographical microhabitats while maintaining necessary 

beach profiles for successful sea turtle nesting.  If necessary, contract specifications should 

explicitly prohibit overfill so that these conservation measures are implemented as intended.   

 

Heavy equipment use should not leave ruts on the beach.  Storage of heavy equipment and pipe on 

the beach should be avoided to the extent possible, using staging areas off of the beach wherever 

available. 

 

Construction schedules should avoid the most productive biological seasons, typically the nesting 

season for sea turtles, shorebirds and waterbirds but in some areas also may include migration or 

overwintering periods where fauna are present in high concentrations. 

 

Construction should avoid sensitive habitats and areas with high ecological value such as migratory 

bird staging sites, aquatic spawning areas, and colonial waterbird nesting sites.  Buffers of 100 m 

should be maintained around wading bird colonies, 200 m around mixed tern / skimmer colonies, 

and 100 - 200 m around solitary bird nests and larger for species with precocial chicks.  Buffers of 

at least 10 m should be maintained around sensitive plants.   In project areas where construction will 

be conducted 24 hours a day, 7 days a week, with multiple pieces of heavy equipment, buffers may 

need to be enlarged since the disturbance would be continuous (versus periodic disturbances with 

pedestrians).  During non-breeding periods, buffers may be needed around roosting sites or 

migratory staging areas for sensitive bird species. 

 

Renourishment episodes should only be conducted after all of the ecological monitoring (e.g., 

invertebrate, avian, fisheries, listed species) shows that the beach ecosystem has fully recovered 

(100% as compared to control areas) for a duration of at least one year, preferably two or three, in 

order to avoid permanent perturbations to the system.  Disturbances should be episodic and their 

ecological impacts should not overlap between fill episodes (i.e., a renourishment episode should 

not take place before the impacts from the previous fill event have completely abated).   

 

Scientifically rigorous pre-project, during construction, and post-project monitoring should be 

conducted according to the design protocols recommended by Peterson and Bishop (2006). 

 

Beaches should not be raked or mechanically cleaned; wrack material should be left in place with 

the exception of marine litter or human trash, which should be collected by hand.  Wrack materials 

are an essential component of the foodweb of sandy beach ecosystems, as well as a source of 

organic material and traps for windblown sediment to create foredunes. 

 

In areas where beach nourishment creates a beach seaward of existing hard stabilization or heavy 

development, where the beach has been lost due to erosion and/or sea level rise, associated 

ecosystem functions such as nesting habitat for shorebirds, waterbirds or sea turtles, may be 
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restored.  Future renourishment episodes should then follow the aforementioned BMPs (e.g., 

protective buffers) for protection of ecological resources that have returned to or colonized the re-

created beach. 

 

 

SECTION III:  NEARSHORE 

 

The nearshore environment, which for ecological purposes can be defined as the active littoral or 

surf zone, contains a variety of ecological resources, including foraging fish and benthic 

invertebrates.  In some areas, reefs and hardbottoms or other geologic outcrops may be present.  

These resources and habitats may be directly or indirectly impacted by shoreline stabilization 

projects. 

 

Significant buffers should be maintained around all reefs (natural or artificial), hardbottoms, 

submerged aquatic vegetation (SAV) and other high value habitats, including areas designated as 

Essential Fish Habitat (EFH) or Habitat Areas of Particular Concern (HAPC).  Buffers should be 

delineated prior to construction so that the design and construction planning can incorporate 

avoidance measures in advance.  Buffers should be at least 500 m surrounding these sensitive and 

valuable habitats. 

 

If beach fill sediment for a dredge disposal or nourishment project is compatible with the native 

material, nearshore communities should not be adversely affected by raised turbidity levels as the 

fill material dewaters and the sediment is reworked by wave and tidal action.  Some turbidity is 

likely, however, and should be monitored with appropriate instrumentation and monitoring 

protocols.  Where water quality standards are exceeded, work should cease and appropriate 

mitigative measures incorporated into the construction methods and design.  Similarly, if introduced 

fill material contains too much coarse material, the benthic fauna may be adversely affected in their 

ability to burrow into the sediment and predators such as fish and birds may be less able to locate 

benthic prey; if such a situation occurs, post-construction mitigation should occur, including the 

removal of excess coarse material where warranted and the avoidance of that sediment source for 

future fill projects. 

 

Long-term monitoring should also be conducted where geologically limited habitats such as reefs 

and hardbottoms are present near the work area to ensure that fill material does not move off of the 

artificially constructed beach / berm and bury or smother these fragile habitats.  If such burial is 

documented, post-construction mitigation should be pursued and any renourishment episodes 

should increase protective measures such as buffer size. 

 

Nearshore areas including sandbars and tidal shoals should not be used as a sediment source for 

beach fill projects.  Removal of nearshore material for beach placement can increase wave energy 

reaching the beach by altering the nearshore bathymetry, defeating the purpose of an “erosion 

control project” and exacerbating the need for shoreline stabilization project(s).   

 

Hard stabilization structures such as breakwaters and rubble mounds should not be constructed in 

nearshore areas due to their significant adverse environmental impacts.  Artificial reefs may have 

ecological value if designed, installed and monitored properly and if they are located in appropriate 

areas.   
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SECTION IV:  OFFSHORE 

 

Similar to the BMPs for nearshore areas, offshore areas may also contain rare and valuable habitats 

like hardbottoms and reefs that should be protected with large buffers (at least 500 m).  Offshore 

areas are typically used as the source for sediment for beach fill projects, which mine suitable 

materials from the seafloor and transport the material to the beach via dredges, barges and/or 

pipelines.  Mine sites also should be located away from significant spawning areas or other habitats 

valuable to local fishery or benthic resources, including areas designated as EFH, HAPC or Marine 

Protected Areas (MPA). 

 

Mine sites for beach fill material should not be excavated such that large depressions or holes are 

left on the seafloor, significantly altering the local bathymetry (and thus coastal processes and 

ecological habitats).  Excavation should use a series of shallow, staggered cuts (furrows) that limit 

the area of disturbance and allow undisturbed areas in between cuts to serve as refugia and a source 

for repopulation of benthic resources; this method also limits alterations to the seafloor bathymetry, 

which may have regional and long-term adverse effects.  Dredging should leave a sufficient layer of 

sediment that matches as closely as possible the original surface layer to avoid exposing a dissimilar 

sediment on the surface. 

 

 

SECTION V:  INLETS 

 

Inlets are particularly valuable ecosystems, as they provide foraging, spawning, nesting, staging, 

roosting and migratory habitat for countless shorebirds and waterbirds, anadromous and 

catadromous fish, crabs, shrimp, invertebrates, waterfowl and other fish and wildlife resources.  The 

highly dynamic nature of inlets creates a complex assemblage of habitats, including bare and 

sparsely vegetated spits; subaerial, intertidal and submerged shoals; sandbars; overwash and tidal 

flats; and passageways for aquatic resources.  The constantly shifting nature of inlets creates a cycle 

of emergence, growth and renewal of these habitat types that is self-sustaining when left 

undisturbed. 

 

Due to their incredible ecological significance and the significant adverse environmental impacts 

that hard stabilization generates, inlets should not be stabilized with jetties, terminal groins, 

revetments, riprap, geotubes, sandbags or any other hard structure.  The cumulative impacts of inlet 

management and manipulation along the Atlantic and Gulf coasts of the U.S. already are significant 

and adverse and should preclude any undisturbed or relatively undisturbed inlet from being 

stablilized, mined or otherwise managed. 

 

The flood and ebb tidal deltas of an inlet should not be mined for sediment for use in beach fill 

projects or to re-align channels away from threatened structures.  Shoals are spawning areas for crab 

and shrimp, roosting and foraging habitat for birds, shelter for SAV, and an essential element of the 

inlet ecosystem.  Mining shoals for sediment unbalances the natural equilibrium of coastal 

processes, disturbing and displacing fish and wildlife resources and leading to habitat loss and 

fragmentation.  Removal of material from inlet shoals typically leads to increased erosion on 

adjacent shorelines as the system attempts to fill the sediment deficit, which can increase hazards to 

private property and infrastructure in developed inlet hazard zones.  In some areas, protection of 

subaerial shoals (e.g., restricting boater access and activities such as parties, fires and dogs) may be 
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a form of mitigation for increased recreational or development activity facilitated by shoreline 

stabilization projects on nearby beaches. 

 

Dredging of new navigational channels through previously undisturbed inlets should be discouraged 

as this process removes sediment from the system much like shoal mining does.  Undisturbed inlets 

naturally bypass sediment from one side of the inlet to the other, and navigational channels can 

become sediment sinks, depriving downdrift beaches and habitats of their sediment supply.  Deep 

channels may have regional impacts as sediment is continuously removed via maintenance dredging 

from the channels and moved elsewhere, generally outside of the inlet and nearby coastal system.  

Excessively deep channels may also alter the salinity regime in adjacent estuaries by increasing the 

tidal prism and altering the hydrodynamics of the inlet, resulting in adverse ecological impacts well 

beyond the actual inlet area. 

 

For existing navigational channels, dredged material should be disposed of within the inlet system, 

placed where it can bypass to downdrift beaches on wave and tidal processes.  Nearshore placement 

of dredged material would avoid impacts to the beach and dune ecosystem and most closely 

replicate natural sand bypassing processes, which are subaqueous at inlets.  Channel maintenance 

activities should occur on more frequent small scales instead of infrequent large scales in order to 

minimize the magnitude of the disturbance to the coastal ecosystem. 

 

Restoration of inlet complexes provides an opportunity for mitigation required by other disturbance 

projects.  Hard structures can be removed, dredged channels abandoned, and buildings and 

infrastructure relocated away from inlet shoulders.  Preservation (e.g., conservation easements, fee 

title) of undisturbed inlet complexes with large buffers along each shoreline to allow natural 

movement of the inlet over time should be encouraged and pursued wherever possible. 

 

ORV should not be allowed in inlet areas during periods of nesting or migration, or if significant 

overwintering populations of wildlife are present. 

 

 

SECTION VI:  ESTUARINE 

 

Estuaries should not provide a sediment source for oceanfront beach fill projects due to sediment 

compatibility issues and the adverse impacts sediment removal would have on the estuarine 

ecosystem.  Where dredging is necessary, dredge disposal materials should stay within the local 

system as close to the project area as possible.  Dredged materials disposal should not occur in areas 

with significant benthic resources where burial is likely to occur.  Disposal should not bury 

marshes, tidal flats, SAV, oyster reefs, clam beds, or other valuable benthic or fishery resources 

occur; buffers of at least 500 m should be maintained around such areas. 

 

In some cases, dredged material can be beneficially used to restore or enhance habitat.  Dredge 

disposal islands in certain areas have become valuable bird nesting areas and their creation and/or 

maintenance with compatible material may offset the adverse impacts of dredging (albeit with out-

of-kind services).  The beneficial use of dredged material may also aid in the restoration of SAV, or 

where the material is rocky, in the restoration of oyster reefs.  In areas where hard stabilization 

along the estuarine shoreline has led to the loss of intertidal habitat, dredged material may 

potentially restore such habitat through localized, small-scale fill projects in front of the hard 

structures or where such structures can be removed.  Restoration of intertidal estuarine shoreline 
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habitats may benefit nesting horseshoe crab and diamondback terrapin as well as foraging 

waterbirds and shorebirds.  New canals or channels should not be dredged to reach habitat 

restoration project areas, nor should adjacent marsh, SAV, oyster reefs, etc., be disturbed during the 

construction phase.  Any beneficial use of dredged material project should include appropriate post-

construction monitoring to determine if the intended benefits are realized, and the project should be 

adaptively managed to incorporate the results of such monitoring in future operations and 

maintenance activities. 

 

Overwash material should not be removed from estuarine areas or habitats; overwash fans and flats 

are a natural component of the coastal ecosystem and a necessary process to aid in the migration of 

estuarine habitats during rising sea levels.  As these habitats (both on barrier island and mainland 

shorelines) are naturally maintained with raised elevations from overwash, adjacent mainland 

development should benefit from enhanced storm protection in the long-term as the risk of 

inundation is lessened with higher elevations. 

 

Finger canals should not be dredged in estuarine areas or on the bayside of barrier islands or spits; 

these canals increase the naturally shallow bathymetry, lead to the loss of intertidal and shallow 

bottom habitats such as marsh and SAV, and serve as a conduit for storm surge during severe 

storms. 

 

Hard stabilization structures should not be constructed along estuarine shorelines, including 

bulkheads for new marinas and personal boat slips.  Riprap and rubble debris should not be placed 

along the estuarine shoreline.  All hard stabilization structures lead to the loss of intertidal habitat 

over time, and prevent the migration (and thus maintenance) of estuarine shoreline habitats (i.e., 

tidal marshes and flats, beaches) during rising sea levels. 

 

The cumulative impacts of personal docks and piers (which are often associated with bulkheads) 

should be carefully considered prior to the permitting or rebuilding of new docks and piers.  Docks, 

piers and similar structures built over estuarine waters are generally demolished during severe 

storms, leading to significant amounts of debris following the storm.  This debris should be 

carefully and quickly removed so that estuarine resources and habitats are not permanently harmed 

or buried by these materials. 

 

 

SECTION VII:  CLIMATE CHANGE AND RISING SEA LEVEL 

 

Given the current trends and predictions for climate change and continuously rising sea levels, 

shoreline stabilization projects should utilize an adaptive management approach that allows for 

designs to be modified with changing conditions over time.  Beach nourishment of the seaward 

shoreline, for instance, will not allow a barrier island or mainland beach to migrate to higher ground 

as sea level rises higher and higher.  Instead, beachfront structures should be relocated away from 

the beach and the beach system (including dunes) should be allowed to migrate landward in space 

over time.  After severe storm events where beachfront structures are heavily damaged, they should 

not be rebuilt in place but rebuilt significantly farther landward where feasible or not rebuilt at all 

where not feasible.  Hard stabilization structures such as jetties should be removed to facilitate the 

long-term natural maintenance of tidal inlets as sea level rises and inlets shift in space along with 

the adjacent barrier islands.  Similarly, navigational channels should shift in location over time to 

accommodate migrating islands and inlets. 



Shoreline Stabilization BMPs 10 

 

In highly developed areas where beach fill is maintained (at ever increasing costs) in the long-term, 

the frequency of beach fill “renourishment” or “maintenance” episodes should be determined by the 

actual performance of the initial fill material (as documented by long-term monitoring) instead of 

the predicted performance based on engineering and mathematical modeling.  Hard stabilization 

structures are not consistent with an adaptive management approach, nor are they practical in the 

long-term as sea levels rise an estimate one meter or more by 2100. 

 

Shoreline stabilization projects should include pre-project (identifying baseline conditions), 

construction, and post-project monitoring that is scientifically rigorous and incorporates control 

areas and other features as recommended by Peterson and Bishop (2006).  The results of ecological 

monitoring should guide the “maintenance” of shoreline stabilization projects, with design features 

or construction methods modified to avoid or minimize any adverse effects documented by the 

monitoring.   

 

Some level of monitoring should persist for the entire lifespan of a shoreline stabilization project 

(often 50 years for a beach fill project), but the monitoring protocols may be modified over time as 

warranted by previous monitoring results.  Shoreline stabilization projects such as beach fill should 

not disturb the ecosystem more than a severe storm would disturb the system, so that the faunal 

recovery period is similar to that of a natural disturbance.  For example, the individual pulse 

perturbation to a sandy beach ecosystem from a single beach fill episode should not decrease or 

depress essential ecosystem functions by more than 50% so that the perturbation does not 

permanently alter the ecosystem; monitoring may indicate that the 50% perturbation threshold may 

not sufficiently minimize adverse impacts to critical resources such as threatened or endangered 

species, Important Bird Areas, critical habitat for listed species, or migration or overwintering 

staging sites.  In such a case, the adaptive management approach would incorporate these 

monitoring findings and lower the perturbation threshold for future fill events.  Likewise, if 

monitoring determines that a fill episode had no significant, lengthy adverse impacts on critical 

ecosystem functions, the perturbation threshold could be raised for future fill events. 

 

The distribution of microhabitats within the coastal ecosystem, including beaches, dunes, inlets and 

estuaries, are shifting in location as sea level rises at an accelerating rate and climate change alters 

sea surface temperatures and other oceanographic processes.  A hands-off approach to shoreline 

management would best avoid the permanent loss of coastal ecosystem habitats.  As a result, 

overwash materials should not be removed from the interior or bayside of islands or spits (including 

roads and driveways), dune ridges should not be built to function as levees, and inlets and 

shorelines should not be locked in place by hard structures.  Where buildings are damaged and left 

exposed in intertidal areas following severe storm events, they should be removed and not rebuilt 

instead of rebuilt and protected in place with shoreline stabilization projects.  If these BMPs can be 

incorporated into shoreline stabilization projects, habitat loss, fragmentation and degradation may 

be minimized in a period of changing climate and rising seas. 

 

 
GLOSSARY 

 

Adaptive management An iterative process where monitoring or learning by doing better informs future 

management decisions when precise information is lacking or uncertainty remains as to 

the extent, intensity and duration of effects resulting from a set of actions (e.g., shoreline 

stabilization or management); subsequent management decisions are improved through 
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the incorporation of new information obtained by monitoring the effects of previous 

actions 

 

Aeolian Of or pertaining to the wind, in this case windblown (aeolian) sediment transport or 

movement of sand 

 

Beach The area of unconsolidated sediments, stretching from the dunes to the intertidal zone; 

the underwater portion of the beach profile is sometimes referred to as the shoreface 

 

Beach nourishment The placement of sediments mined or transported from another location on a beach in 

order to temporarily reverse or slow down long-term erosion and protect structures 

located behind the beach 

 

Benthic Living on the bottom, in this case animals that live on the sea, bay or estuary floor and 

generally remaining submerged at all times 

 

Best management practice 

(BMP) 

Methods or techniques that can be used to avoid or minimize environmental harm or 

impacts in land management or construction activities 

 

Breakwater An engineering structure built in the water off of a shoreline with the intention of 

slowing down waves before they strike the beach, sheltering the adjacent shoreline 

 

Bulkhead A wall, typically built on the estuarine shoreline, to protect adjacent structures from 

erosion or storm flooding, or to allow for deep water immediately next to the shoreline 

for the mooring of boats 

 

Downdrift The direction in which the littoral drift or longshore sediment transport is moving 

sediment 

 

Dune A mound or ridge of unconsolidated sediment, usually sand-sized particles, that is built 

through the accumulation of windblown sand 

 

Ebb tidal delta or shoals Bodies (shoals) of sediment formed by the interaction of ebb, or falling, tides with 

incoming waves at a tidal inlet; ebb tidal shoals are generally smaller than flood tidal 

shoals and remain submerged during all tidal periods 

 

Estuary A semi-enclosed body of water which has open connections to the ocean and within 

which marine waters are diluted or mixed with freshwater, forming a body of water with 

lower salinity than the ocean and higher salinity than rivers 

 

Fetch The distance over which wind or waves can move unobstructed 

 

Flood tidal delta or shoals Bodies (shoals) of sediment formed by the interaction of flood, or rising, tides with the 

relatively calmer waters of a bay or estuary at a tidal inlet; flood tidal shoals are 

generally larger than ebb tidal shoals and can be exposed at periods of low tide 

 

Geomorphology The topography, or landforms, of a given area 

 

Geotube A very large sandbag, generally about one meter in diameter and tens of meters in 

length; geotubes can be stacked on top of each other to form a wall or mound to protect 

structures from the encroaching ocean and are sometimes buried under sediment to 

reinforce artificial dunes 

 

Groin An engineering structure built perpendicular to the beach, typically constructed of wood 

pilings, sheet metal, large rocks, or concrete, with the intention of trapping sediment in 

the littoral drift and slowing local erosion rates 
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Infauna Invertebrate animals that live within the sediment near the surface, such as mole crabs, 

polychaete worms and clams 

 

Inlet A water passageway between barrier islands or spits which connects the ocean with 

estuaries, bays or freshwater rivers 

 

intertidal The area of a shoreline that is alternately exposed to air and submerged under water with 

changing positions of the daily tide 

 

Jetty An engineering structure, typically constructed out of large stone, concrete or sheet 

metal that is built perpendicular to the shoreline along an inlet shoulder in order to hold 

or stabilize the inlet and its channels in place 

 

Littoral drift, or longshore 

sediment transport 

The current formed by waves striking a shoreline at an angle which moves sediment 

along a shoreline, predominantly in one direction (from updrift to downdrift) 

 

Marsh An area of partially submerged vegetation, typically saltmarsh reed grasses such as 

Spartina spp. or Juncus spp. along a shoreline or in an estuary, which may be exposed at 

low tide and mostly submerged at high tide 

 

Nearshore The active littoral, or surf, zone where wave action moves significant amounts of 

sediment on a daily basis 

 

Offshore The area of the seafloor or ocean that is farther away from the beach or shoreline, 

seaward of the surf zone 

 

Revetment An engineering structure, typically a sloping wall constructed of large rocks, installed 

along a shoreline to protect adjacent structures from erosion and encroaching waters 

 

Riprap Material or debris such as rock, brick, concrete block or similar hard materials that is 

placed along a shoreline to slow down local erosion rates 

 

Rubble mound A mound or ridge of rubble debris (rock, concrete, etc.) placed in the water off of a 

shoreline that acts like a breakwater to slow down waves and shelter adjacent shorelines 

 

Sandbar An underwater mound or ridge of sediment in the outer surf zone portion of a beach 

profile, typically noticed by the area where waves are breaking before striking the beach 

 

Seawall A wall, typically built of sheet metal or concrete, that is installed parallel to and on the 

landward side of the beach in order to protect structures from tidal flooding and wave 

action 

 

Sediment supply The volume of sediment moved annually along a beach by the littoral drift, or longshore 

sediment transport 

 

Shoal A body of sediment that rises in elevation from the surrounding sea or bay floor and that 

may be exposed during periods of low tide; shoals are generally found near or within 

tidal inlets 

 

Subaerial The portion of the beach that remains dry and not submerged during periods of high tide 

 

Subaqueous The portion of the beach, estuary or ocean that remains submerged under water during 

all tidal periods 

 

Submerged Under water 

 

Surf zone The area adjacent to a shoreline in which waves are breaking and running up on to the 
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beach 

 

Terminal groin A groin that is placed at the end of an island adjacent to an inlet 

 

Tidal flat A marshy, muddy or sandy nearly flat landform that is alternately exposed and 

submerged during periods of low and high tides 

 

Trough A shallow, straight depression on the landward side of a sandbar 

 

Updrift The direction from which the predominant littoral drift or longshore sediment transport 

is moving; jetties and groins can trap this sediment on their updrift sides, blocking its 

movement to downdrift beaches 

 

Wrack Organic materials such as seaweed, marsh grass and other vegetation that is deposited on 

a beach by waves and tides 

  

 

REFERENCES 

 

Day, F.P., C. Conn, E. Crawford, and M. Stevenson.  2004.  Long-Term Effects of Nitrogen Fertilization on Plant 

Community Structure on a Coastal Barrier Island Dune Chronosequence.  Journal of Coastal Research 

20(3):722-730. 

 

Defeo, O., A. McLachlan, D.S. Schoeman, T.A. Schlacher, J. Dugan, A. Jones, M. Lastra, and F. Scapini.  2009.  

Threats to Sandy Beach Ecosystems:  A Review.  Estuarine, Coastal and Shelf Science 81(2009):1-12. 

 

Peterson, C.H., and M.J. Bishop.  2005.  Assessing the Environmental Impacts of Beach Nourishment.  Bioscience 

55(10):887-896. 

 

Whitfield, D.P., M. Ruddock, and R. Bullman.  2008.  Expert Opinion as a Tool for Quantifying Bird Tolerance to 

Human Disturbance.  Biological Conservation 141(2008):2708-2717. 

 

 

BIBLIOGRAPHY 

 

Ackerman, R.A.  1980.  Physiological And Ecological Aspects Of Gas Exchange By Sea Turtle Eggs. American 

Zoologist 20:575-583. 

  

Alexander, R.R., R.J. Stanton Jr., and J.R. Dodd. 1993.  Influence of Sediment Grain Size on the Burrowing of 

Bivalves: Correlation with Distribution and Stratigraphic Persistence of Selected Neogene Clams.  Palaios 

8:289-303. 

 

Baker, V.R. 2000.  Saving the Appearances of Beach Behavior.  Journal of Coastal Research.  16(1):iii-iv. 

 

Barnard, W.D.  1978.  Prediction and control of dredged material dispersion around dredging and open-water pipeline 

disposal operation.  Technical Report DS-78-13, U.S. Army Corps of Engineers Waterways Experiment 

Station, Vicksburg, Mississippi. 

 

Beaches and Shores Research Center (BSRC).  2007.  Coastal Construction Control Line Review Study, Gulf County – 

St. Joseph Spit (Ranges R75-R108), Florida.  Beaches and Shores Resource Center, Institute of Science and 

Public Affairs, Florida State University, Tallahassee, FL.  28 p. + appendices. 

 

Beatley, T., D.J. Brower, and A.K. Schwab.  1994.   An introduction to coastal zone management.  Washington, D.C.: 

Island Press.  210 p. 

 

Bilodeau, A.L., and R.P. Bourgeois.  2004.  Impact of Beach Restoration on the Deep-burrowing Ghost Shrimp, 

Callichirus islagrande.  Journal of Coastal Research 20(3):931-936. 



Shoreline Stabilization BMPs 14 

 

Bishop, M.J., C.H. Peterson, H.C. Summerson, H.S. Lenihan, and J.H. Grabowski.  2006.  Deposition and Long-Shore 

Transport of Dredge Spoils to Nourish Beaches:  Impacts on Benthic Infauna of an Ebb-Tidal Delta.  Journal 

of Coastal Research 22(3):530-546. 

 

Blott, S.J., and K. Pye.  2004.  Morphological and Sedimentological Changes on an Artificially Nourished Beach, 

Lincolnshire, UK.  Journal of Coastal Research 20(1):214-233. 

 

Bowen, P. R. and G. A. Marsh.  1988.  Benthic Faunal Colonization Of An Offshore Borrow Pit In Southeastern 

Florida.  Miscellaneous Paper D-88-5.  U. S. Army Corps of Engineers, Waterways Experiment Station.  

Vicksburg, Mississippi. 

 

Bowman, M.L., and R. Dolan. 1985.  The Relationship of Emerita talpoida to Beach Characteristics.  Journal of 

Coastal Research 1(2):151-163. 

 

Browder, A.E.  2002.  Sand search and beach restoration at Pensacola Beach, Florida.  Proceedings, 15
th

 Annual 

National Conference on Beach Preservation Technology, Biloxi, MS.  pp.  251-264. 

 

Brown, S., C. Hickey and B. Harrington (eds).  2000.  United States Shorebird Conservation Plan.  Manomet, 

Massachusetts: Manomet Center for Conservation Sciences.  Various paginations. 

 

Bruun, P.  2001.  The Development of Downdrift Erosion:  An Update of Paper in JCR, Vol. 11(4).  Journal of Coastal 

Research 17(1):82-89. 

 

Bureau of Beaches and Coastal Systems (BBCS).  2009.  Critically Eroded Beaches in Florida, Updated, June 2009.  

Division of Water Resource Management, Department of Environmental Protection, State of Florida.  77 p. 

 

Burger, J., M. A. Howe, D. C. Hahn, and J. Chase.  1977.  Effects Of Tide Cycles On Habitat Selection And Habitat 

Partitioning By Migrating Shorebirds.  The Auk.  4: 743-758. 

 

Bush, D.M., N.J. Longo, W.J. Neal, L.S. Esteves, O.H. Pilkey, D.F. Pilkey, and C.A. Webb.  2001.  Living on the Edge 

of the Gulf:  The West Florida and Alabama Coast.  Durham, NC:  Duke University Press.  340 p. 

 

Bush, D. M., O. H. Pilkey, Jr., and W. J. Neal.  1996.  Living by the Rules of the Sea.  Duke University Press.  Durham, 

North Carolina.  179 pp. 

 

Chapman, D.J., and B.E. Julius.  2005.  The Use of Preventative Projects as Compensatory Restoration.  Journal of 

Coastal Research SI #40:120-131. 

 

Clark, J.S.  1986.  Dynamism in the Barrier-Beach Vegetation of Great South Beach, New York.  Ecological 

Monographs 56(2):97-126. 

 

Cleary, W.J., and D.M. Fitzgerald.  2003.  Tidal Inlet Response to Natural Sedimentation Processes and Dredging-

Induced Tidal Prism Changes:  Mason Inlet, North Carolina.  Journal of Coastal Research 19(4):1018-1025. 

 

Climate Change Science Program (CCSP).  2009.  Coastal Sensitivity to Sea-Level Rise: A Focus on the Mid-Atlantic 

Region.  A report by the U.S. Climate Change Science Program and the Subcommittee on Global Change 

Research. [James G. Titus (Coordinating Lead Author), K. Eric Anderson, Donald R. Cahoon, Dean B. Gesch, 

Stephen K. Gill, Benjamin T. Gutierrez, E. Robert Thieler, and S. Jeffress Williams (Lead Authors)], U.S. 

Environmental Protection Agency, Washington D.C., USA. Available at 

http://www.climatescience.gov/Library/sap/sap4-1/final-report/default.htm.   

 

Colosio, F., M. Abbiati, and L. Airoldi.  2007.  Effects of Beach Nourishment on Sediments and Benthic Assemblages.  

Marine Pollution Bulletin 54(2007):1197-1206. 

 

Conaway, C.A., and J.T. Wells.  2005.  Aeolian Dynamics along Scraped Shorelines, Bogue Banks, North Carolina.  

Journal of Coastal Research 21(2):242-254. 

http://www.climatescience.gov/Library/sap/sap4-1/final-report/default.htm


Shoreline Stabilization BMPs 15 

 

Connors, P. G., J. P. Myers, C. S. W. Connors, and F. A. Pitelka.  1981.  Interhabitat Movements By Sanderlings In 

Relation To Foraging Profitability And The Tidal Cycle.  The Auk 98:49-64. 

 

Crain, D.A., A.B. Bolten, and K.A. Bjorndal. 1995.  Effects of Beach Nourishment on Sea Turtles: Review and 

Research Initiatives.  Restoration Ecology.  3(2):95-104. 

 

Croft, A., and L.A. Leonard, 2001.  Effects Of Dredged Material Disposal On Tidal Marsh Processes.  Geological 

Society of America Southeastern Section Annual Meeting, 2001 Abstracts with Program.  P.  A-71. 

 

Davison, A.T., R.J. Nicholls, and S.P. Leatherman. 1992.  Beach Nourishment as a Coastal Management Tool: An 

Annotated Bibliography on Developments Associated with the Artificial Nourishment of Beaches.  Journal of 

Coastal Research.  8(4): 984-1022. 

 

Dean, C.  1999.  Against the Tide: The Battle for America’s Beaches.  Columbia University Press.  New York.  279 pp. 

 

Defeo, O., A. McLachlan, D.S. Schoeman, T.A. Schlacher, J. Dugan, A. Jones, M. Lastra, and F. Scapini.  2009.  

Threats to Sandy Beach Ecosystems:  A Review.  Estuarine, Coastal and Shelf Science 81(2009):1-12. 

 

Diaz, H.  1980.  The Mole Crab Emerita talpoida (Say): A Case Study Of Changing Life History Pattern.  Ecological 

Monographs 50(4):437-456. 

 

Dixon, K.L., and O.H. Pilkey, Jr. 1991.  Summary of Beach Replenishment on the U.S. Gulf of Mexico Shoreline.  

Journal of Coastal Research  7(1):249-256. 

 

Donnelly, C., N. Kraus, and M. Larson.  2006.  State of Knowledge on Measurement and Modeling of Coastal 

Overwash.  Journal of Coastal Research 22(4):965-991. 

 

Donoghue, C.R.  1999.  The Influence of Swash Processes on Donax variabilis and Emerita talpoida. PhD. 

Dissertation, Univ. of Virginia.  Department of Environmental Sciences.  197 p. 

 

Dugan, J.E., and D.M. Hubbard.  2006.  Ecological Responses to Coastal Armoring on Exposed Sandy Beaches.  Shore 

& Beach 74(1):10-16. 

 

Dugan, J.E., D.M. Hubbard, M.D. McCrary, and M.O. Pierson.  2003.  The Response of Macrofauna Communities and 

Shorebirds to Macrophyte Wrack Subsidies on Exposed Sandy Beaches of Southern California.  Estuarine, 

Coastal and Shelf Science 58S(2003):25-40. 

 

Erwin, R.M.  1989.  Responses to Human Intruders by Birds Nesting in Colonies:  Experimental Results and 

Management Guidelines.  Colonial Waterbirds 12(1):104-108. 

 

Erwin, R.M., B.R. Truitt, and J.E. Jimenez.  2001.  Ground-Nesting Waterbirds and Mammalian Carnivores in the 

Virginia Barrier Island Region: Running Out of Options.  Journal of Coastal Research, 17(2):292-296. 

 

Everhart, S.H., R.F. Soots, Jr., J.F. Parnell, and P.D. Doerr.  1980.  Natural and Dredged Material Nesting Habitats of 

Gull-billed Terns, Common Terns and Black Skimmers in North Carolina.  University of North Carolina Sea 

Grant Publication UNC-SG-79-05.  39 p. + appendices. 

 

Fish, M.R., I.M. Côté, J.A. Horrocks, B. Mulligan, A.R. Watkinson, and A.P. Jones.  2008.  Construction Setback 

Regulations and Sea-level Rise:  Mitigating Sea Turtle Nesting Beach Loss.  Ocean & Coastal Management 

51(2008):330-341. 

 

Fonseca, M.S., W.J. Kenworthy, and G.W. Thayer.  1998.  Guidelines for the Conservation and Restoration of 

Seagrasses in the United States and Adjacent Waters.  NOAA Coastal Ocean Program Decision Analysis 

Series No. 12.  NOAA Coastal Ocean Office, Silver Spring, MD.  222 p. 

 



Shoreline Stabilization BMPs 16 

Gabriel, A.O., and T.A. Terich.  2005.  Cumulative Patterns and Controls of Seawall Construction, Thurston County, 

Washington.  Journal of Coastal Research 21(3):430-440. 

 

Gheskiere, T., V. Magda, P. Greet, and D. Steven.  2006.  Are Strandline Meiofaunal Assemblages Affected by a Once-

Only Mechanical Beach Cleaning?  Experimental Findings.  Marine Environmental Research 61(2006):245-

264. 

 

Giles, R.T., and O.H. Pilkey, 1965.  Atlantic Beach and Dune Sediments of the Southern United States: Journal of 

Sedimentary Petrology, 35(4):900-910. 

 

Godfrey, P. J.  1970.  Oceanic Overwash and its Ecological Implications on the Outer Banks of North Carolina.  Office 

of Natural Sciences Studies.  National Park Service.  Department of the Interior.  Washington, DC.  44 pp. 

 

Godfrey, P.J. and  M.M. Godfrey.  1976.  Barrier Island Ecology of Cape Lookout National Seashore and Vicinity, 

North Carolina.  U.S. Department of the Interior, National Park Service, Scientific Monographic Series, 9.  

160pp. 

 

Godschalk, D.R., D.J. Brower, and T. Beatley.  1989.   Catastrophic coastal storms: Hazard mitigation and 

development management.  Durham, NC: Duke University Press.  275 p.   

 

Goldberg, W.M.  1988.  Biological effects of beach restoration in South Florida: the good, the bad, and the ugly.  In 

Tait, L.S. (ed).  1988.  Beach Preservation Technology '88: Problems and Advancements in Beach 

Nourishment - Proceedings. Florida Shore and Beach Preservation Association, Inc., Tallahassee, Florida. 

 

Goss-Custard, J.D., P. Triplet, F. Sueur, and A.D. West.  2006.  Critical Thresholds of Disturbance by People and 

Raptors in Foraging Wading Birds.  Biological Conservation 127(2006):88-97. 

 

Hackney, C. T., M. R. Posey, S. W. Ross, and A. R. Norris. (eds.).  1996.  A Review and  Synthesis of Data on Surf 

Zone Fishes and Invertebrates in the South Atlantic Bight and the Potential Impact from Beach Renourishment.  

Report to the Wilmington District, U. S. Army Corps of Engineers.  Wilmington, North Carolina.  109 pp. 

 

Heinz Center (The).  2000.  Evaluation of Erosion Hazards.  Report prepared for the Federal Emergency Management 

Agency (Contract EMW-97-CO-0375) by The H. John Heinz III Center for Science, Economics and the 

Environment.  Washington, DC.  205 pp. 

 

Hurme, A. K. and E. J. Pullen.  1988.  Biological Effects of Marine Sand Mining and Fill Placement for Beach 

Replenishment: Lessons for Other Uses.  Marine Mining 7:123-136. 

 

Ikuta, L.A., and D.T. Blumstein.  2003.  Do Fences Protect Birds from Human Disturbance?  Biological Conservation 

112(2003):447-452. 

 

Ince, R., G.A. Hyndes, P.S. Lavery, and M.A. Vanderklift.  2007.  Marine Macrophytes Directly Enhance Abundances 

of Sandy Beach Fauna Through Provision of Food and Habitat.  Estuarine, Coastal and Shelf Science 

74(2007):77-86. 

 

Inman, D. and R. Dolan.  1989.  The Outer Banks of North Carolina: Budget of Sediment And Inlet Dynamics Along a 

Migrating Barrier System.  Journal of Coastal Research 5(2):192-237.    

 

Intergovernmental Panel on Climate Change(IPCC).  2007.  Climate Change 2007: The Physical Science Basis. 

Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and H.L. Miller 

(eds.)]. Cambridge University Press, Cambridge, UK, and New York, 996 pp. 

 

Jackson, N.L., D.R. Smith, R. Tiyarattanachai, and K.F. Nordstrom.  2007.  Evaluation of a Small Beach Nourishment 

Project to Enhance Habitat Suitability for Horseshoe Crabs.  Geomorphology 89(2007):172-185. 

 



Shoreline Stabilization BMPs 17 

Johnson, R. O. and W. G. Nelson.  1985.  Biological effects of dredging in an offshore borrow area.  Florida Scientist.  

48:166-188. 

 

Jordan, L.K.B., K.W. Banks, L.E. Fisher, B.K. Walker, and D.S. Gilliam.  2009 (in press).  Elevated Sedimentation on 

Coral Reefs Adjacent to a Beach Nourishment Project.  Marine Pollution Bulletin xxx(2009):xxx-xxx. 

 

Jorgenson, T., and C. Ely.  2001.  Topography and Flooding of Coastal Ecosystems on the Yukon-Kuskokwim Delta, 

Alaska:  Implications for Sea-Level Rise.  Journal of Coastal Research 17(1):124-136. 

 

Kaldy, J.E., K.H. Dunton, J.L. Kowalski, and K. Lee.  2004.  Factors Controlling Seagrass Revegetation onto Dredged 

Material Deposits:  A Case Study in Lower Laguna Madre, Texas.  Journal of Coastal Research 20(1):292-

300. 

 

Kaufman, W. and O.H. Pilkey, Jr.  1983.  The Beaches are Moving.  Duke University Press.  Durham, North Carolina.  

336 pp. 

 

Kenny, A.J., and H.L. Rees.  1994.  The Effects of Marine Gravel Extraction on the Macrobenthos:  Early Post-

Dredging Recolonization.  Marine Pollution Bulletin 28(7):442-447. 

 

Klein, R.J.T., R.J. Nicholls, S. Ragoonaden, M. Capobianco, J. Aston, and E.N. Buckley.  2001.  Technological Options 

for Adaptation to Climate Change in Coastal Zones.  Journal of Coastal Research 17(3):531-543. 

 

Lafferty, K.D.  2001.  Disturbance to Wintering Western Snowy Plovers.  Biological Conservation 101(2001):315-325. 

 

Lankford, T.E., and B.J. Baca. 1993.  Comparative Environmental Impacts of Various Forms of Beach Nourishment.  

Proceedings of Coastal Zone ‘93.  American Society of Civil Engineers, New York, NY. Pp. 2046-2059. 

 

Lastra, M., H.M. Page, J.E. Dugan, D.M. Hubbard, and I.F. Rodil.  2008.  Processing of Allochthonous Macrophyte 

Subsidies by Sandy Beach Consumers:  Estimates of Feeding Rages and Impacts on Food Resources.  Marine 

Biology 154(2008):163-174. 

 

Leonard, L.A., K.L. Dixon, and O.H. Pilkey. 1990.  A Comparison of Beach Replenishment on the U.S. Atlantic, 

Pacific, and Gulf Coasts.  Journal of Coastal Research  SI #6:127-140. 

 

Lindeman, K.C.  1997.  Development of grunts and snappers of southeastern Florida: cross-shelf distribution and 

effects of beach management alternatives.  Ph.D. dissertation.  Univ. Miami.  Coral Gables, FL.  419 pp. 

 

Lindeman, K.C.  1997.  Comparative Management of Beach Systems of Florida and the Antilles:  Applications using 

Ecological Assessment and Decision Support Procedures.  UNESCO Coastal Region and Small Island Reports 

#1, pp. 134-164. 

 

Lindeman, K.C., and D.B. Snyder.  1999.  Nearshore Hardbottom Fishes of Southeast Florida and Effects of Habitat 

Burial Caused by Dredging.  Fishery Bulletin.  97:508-525. 

 

Lindquist, N., and L. Manning.  2001.  Impacts of Beach Nourishment and Beach Scraping on Critical Habitat and 

Productivity of Surf Fishes.  Final Report to the North Carolina Fisheries Resource Grant Program.  41 pp + 

figures. 

 

Lord, A., J.R. Waas, J. Innes, and M.J. Whittingham.  2001.  Effects of Human Approaches to Nests of Northern New 

Zealand Dotterels.  Biological Conservation 98(2001):233-240. 

 

Lucrezi, S., T.A. Schlacher, and W. Robinson.  2009.  Human Disturbance as a Cause of Bias in Ecological Indicators 

for Sandy Beaches:  Experimental Evidence for the Effects of Human Trampling on Ghost Crabs.  Ecological 

Indicators 9(2009):913-921. 

 

Maa, J.P.Y., C.H. Hobbs III, and C.S. Hardaway, Jr.  2001.  A Criterion for Determining the Impact on Shorelines 

Caused by Altering Wave Transformation.  Journal of Coastal Research 17(1):107-113. 



Shoreline Stabilization BMPs 18 

 

Manning, L.  2003.  Ecology of Ocean Beaches: The Importance of Human Disturbance and Complex Biological 

Interactions within a Physically Rigorous Environment.  PhD. Dissertation, University of North Carolina at 

Chapel Hill.  Department of Biology. 

 

Marques, M.A., N.P. Psuty, and R. Rodriguez.  2001.  Neglected Effects of Eolian Dynamics on Artificial Beach 

Nourishment:  The Case of Riells, Spain.  Journal of Coastal Research 17(3):694-704. 

 

Marsh, G.A., and D.B. Turbeville. 1981. The Environmental Impact of Beach Nourishment: Two Studies in 

Southeastern Florida.  Shore and Beach. Pp. 40-44. 

 

Matias, A., O. Ferreira, I. Mendes, J.A. Dias, and A. Vila-Concejo.  2005.  Artificial Construction of Dunes in the South 

of Portugal.  Journal of Coastal Research 21(3):472-481. 

 

McArdle, S.B. and A. McLachlan.  1992.  Sand Beach Ecology: Swash Features Relevant To The Macrofauna. Journal 

of Coastal Research 8(2):398-407. 

 

McLachlan, A., and A. Dorvlo.  2007.  Global Patterns in Sandy Beach Macrobenthic Communities:  Biological 

Factors.  Journal of Coastal Research 23(5):1081-1087. 

 

McLachlan, A., I.G. Eliot and D.J. Clarke.  1985.  Water Filtration Through Reflective Microtidal Beaches And 

Shallow Sublittoral Sands And Its Implications For An Inshore Ecosystem In Western Australia. Estuarine, 

Coastal and Shelf Science 21(1985):91-104. 

 

McLachlan, A., E. Jaramillo, O. Defeo, J. Dugan, A. de Ruyck and P. Coetzee.  1995.  Adaptations of Bivalves to 

Different Beach Types. Journal of Experimental Marine Biology and Ecology 187:147-160. 

 

McNinch, J.E., and J.T. Wells.  1992.  Effectiveness of Beach Scraping as a Method of Erosion Control.  Shore and 

Beach (January 1992):13-20. 

 

Meadows, P.S., and J. Tait.  1989.  Modification of Sediment Permeability and Shear Strength by Two Burrowing 

Invertebrates. Marine Biology 101(1989):75-82.  

 

Michener, W. L., E. B. Blood, K. L. Bildstein, M. M. Brinson, and L. R. Gardner.  1997.  Climate Change, Hurricanes 

and Tropical Storms, and Rising Sea Level in Coastal Wetlands.  Ecological Applications 7(1997):770-801. 

 

Miller, D.L., M. Thetford, and L. Yager.  2001.  Evaluation of Sand Fence and Vegetation for Dune Building Following 

Overwash by Hurricane Opal on Santa Rosa Island, Florida.  Journal of Coastal Research 17(4):936-948. 

 

Morton, R.A.  2008.  Historical Changes in the Mississippi-Alabama Barrier-Island Chain and the Roles of Extreme 

Storms, Sea Level, and Human Activities.  Journal of Coastal Research 24(6):1587-1600. 

 

National Research Council (NRC).  1995.  Beach Nourishment and Protection.  National Academy Press.  Washington, 

D.C.  334 pp. 

 

Nelson, W. G.  1993. Beach Restoration In The Southeastern US: Environmental Effects And Biological Monitoring.  

Ocean and Coastal Management 19:157-182. 

 

Nordstrom, K. F.  1994.  Developed coasts.  Chapter 13, pp. 477-509. in R.W.G. Carter and C. D. Wooddroffe.  (eds.)  

Coastal Evolution - Late Quaternary Shoreline Morphodynamics.  Cambridge University Press.  Cambridge, 

United Kingdom. 

 

Nordstrom, K.F., N.L. Jackson, A.H.F. Klein, D.J. Sherman, and P.A. Hesp.  2006.  Offshore Aeolian Transport across 

a Low Foredune on a Developed Barrier Island.  Journal of Coastal Research 22(5):1260-1267. 

 

Otvos, E.G., and G.A. Carter.  2008.  Hurricane Degradation – Barrier Development Cycles, Northeastern Gulf of 

Mexico:  Landform Evolution and Island Chain History.  Journal of Coastal Research 24(2):463-78. 



Shoreline Stabilization BMPs 19 

 

Peterson, C.H., and M.J. Bishop.  2005.  Assessing the Environmental Impacts of Beach Nourishment.  Bioscience 

55(10):887-896. 

 

Peterson, C.H., D.H.M. Hickerson, and G.G. Johnson.  2000.  Short-term Consequences of Nourishment and Bulldozing 

on the Dominant Large Invertebrates of the Sandy Beach.  Journal of Coastal Research16(2):368-378. 

 

Peterson, C.H., M.J. Bishop, G.A. Johnson, L.M. D‟Anna, and L.M. Manning.  2006.  Exploiting Beach Filling as an 

Unaffordable Experiment:  Benthic Intertidal Impacts Propagating Upwards to Shorebirds.  Journal of 

Experimental Marine Biology and Ecology 338:205-221. 

 

Pilkey, O.H., and T.D. Clayton.  1989.  Summary of beach replenishment experience on U.S. East Coast barrier islands.  

Journal of Coastal Research 5(1): 147-159. 

 

Pilkey, O. H. and K. L. Dixon. 1996. The Corps and the Shore.  Island Press.  Washington, D.C. 272 pp. 

 

Pilkey, O.H. 1992.  Another View of Beachfill Performance.  Shore and Beach.  Pp. 20-25. 

 

Platt, R.H.  1999.  Disasters and democracy: The politics of extreme natural events.  Washington, D.C.: Island Press.  

320 p. 

   

Platt, R.H., S.G. Pelczarski, and B.K.R. Burbank (eds). 1987.  Cities on the beach: Management issues of developed 

coastal barriers.  Chicago, IL: Dept. of Geography, University of Chicago.  324 p. 

 

Posey, M.H., and T.D. Alphin.  2002.  Resilience And Stability In An Offshore Benthic Community:  Responses To 

Sediment Borrow Activities And Hurricane Disturbance.  Journal of Coastal Research 18(4):685-697. 

   

Pullen, E. J. and S. M. Naqvi.  1983.  Biological Impacts On Beach Replenishment And Borrowing.  Shore and Beach 

(April 1983):27-31. 

 

Quammen, M. L. 1984.  Predation By Shorebirds, Fish, And Crabs On Invertebrates In Intertidal Mudflats: An 

Experimental Test. Ecology 65:529-537. 

 

Rakocinski, C.F., R.W. Heard, S.E. LeCroy, J.A. McLelland, and T. Simons. 1996.  Responses by Macrobenthic 

Assemblages to Extensive Beach Restoration at Perdido Key, Florida, USA.  Journal of Coastal Research 

12(1):326-353. 

 

Reed, A.J., and J.T. Wells. 2000.  Sediment Distribution Patterns Offshore of a Renourished Beach: Atlantic Beach and 

Fort Macon, North Carolina.  Journal of Coastal Research 16(1):88-98. 

 

Reilly, F.J. Jr., and V.J. Bellis.  1978.  A Study Of The Ecological Impact Of Beach Nourishment With Dredged 

Materials On The Intertidal Zone.  East Carolina University Institute for Coastal and Marine Resources, 

Technical Report No. 4., Greenville, North Carolina. 107 pp. 

 

Reilly, F.J., D.M. Landy Cobb and V.J. Bellis.  1980. Biological Implications of Beach Replenishment: in N.P. Psuty 

and D. McArthur, eds, Proceedings of the Sixth Annual Conference of The Coastal Society, pp. 269-280. 

 

Riggs, S.R., W.G. Ambrose Jr., J.W. Cook, Scott W. Snyder, and Stephen W. Snyder. 1998.  Sediment Production On 

Sediment-Starved Continental Margins: The Interrelationship Between Hardbottoms, Sedimentological And 

Benthic Community Processes, And Storm Dynamics.  Journal of Sedimentary Research.  68(1):155-168. 

 

Rodgers, J.A., and H.T. Smith.  1995.  Set-back distances to protect nesting bird colonies from human disturbance in 

Florida.  Conservation Biology 9(1):89-99. 

 

Rodil, I.F., C. Olabarria, M. Lastra, and J. López.  2008.  Differential Effects of Native and Invasive Algal Wrack on 

Macrofaunal Assemblages Inhabiting Exposed Sandy Beaches.  Journal of Experimental Marine Biology and 

Ecology 358(2008):1-13. 



Shoreline Stabilization BMPs 20 

 

Roessler, R.S., and J.T. Wells.  2001.  Beach Changes Along Eastern Bogue Banks, North Carolina, Resulting From 

The 1996 Hurricane Season.  Journal of Coastal Research 17(4):964-975. 

 

Rosati, J.D.  2005.  Concepts in Sediment Budgets.  Journal of Coastal Research 21(2):307-322.   

 

Rosati, J.D., and G.W. Stone.  2009.  Geomorphic Evolution of Barrier Islands along the Northern U.S. Gulf of Mexico 

and Implications for Engineering Design in Barrier Restoration.  Journal of Coastal Research 25(1):8-22. 

 

Ross, S.W., and J.E. Lancaster. 1996.  Movements of Juvenile Fishes Using Surf Zone Nursery Habitats and the 

Relationship of Movements to Beach Nourishment Along a North Carolina Beach: Pilot Project.  Final Report 

to NOAA Office of Coastal Resource Management and the U.S. Army Corps of Engineers.  31 p. 

 

Saloman, C.H. and S.P. Naughton.  1984.  Beach Restoration With Offshore Dredged Sand: Effects On Nearshore 

Macrofauna.  U.S. Dept. of Commerce, National Oceanic and Atmospheric Association, NOAA Tech. 

Memorandum NMFS-SEFC-133.  20 pp. 

 

Schlacher, T.A., and J.M. Morrison.  2008.  Beach Disturbance Caused by Off-Road Vehicles (ORV) on Sandy Shores:  

Relationship with Traffic Volumes and a New Method to Quantify Impacts Using Image-based Data 

Acquisition and Analysis.  Marine Pollution Bulletin 56(2008):1646-1649. 

 

Schlacher, T.A., and L.M.C. Thompson.  2008.  Physical Impacts Caused by Off-Road Vehicles to Sandy Beaches:  

Spatial Quantification of Car Tracks on an Australian Barrier Island.  Journal of Coastal Research 24(2B):234-

242. 

 

Sellers, J.D., and C.L. Jolls.  2007.  Habitat Modeling for Amaranthus pumilus:  An Application of Light Detection and 

Ranging (LIDAR) Data.  Journal of Coastal Research 23(5):1193-1202. 

 

Skidaway Institute of Oceanography.  1981.  Saving the American Beach: A Position Paper by Concerned Coastal 

Geologists.  Results of the First Skidaway Institute of Oceanography Conference on America‟s Eroding 

Shoreline.  12 p. 

 

Skidaway Institute of Oceanography.  1985.  National Strategy for Beach Preservation.  Results of the Second Skidaway 

Institute of Oceanography Conference on America‟s Eroding Shoreline.  11 p. 

 

Smith, C.G., S.J. Culver, S.R. Riggs, D. Ames, D.R. Corbett, and D. Mallinson.  2008.  Geospatial Analysis of Barrier 

Island Width of Two Segments of the Outer Banks, North Carolina, USA:  Anthropogenic Curtailment of 

Natural Self-Sustaining Processes.  Journal of Coastal Research 24(1):70-83. 

 

Snyder, R.A., and C.L. Boss.  2002.  Recovery and Stability in Barrier Island Plant Communities.  Journal of Coastal 

Research 18)3):530-536. 

 

Steinitz, M.J., M. Salmon and J. Wyneken. 1998.  Beach Renourishment and Loggerhead Turtle Reproduction: A Seven 

Year Study at Jupiter Island, Florida: Journal of Coastal Research, 14(3):1000-1013. 

 

Thayer, G.W., and M.E. Kentula.  2005.  Coastal Restoration: Where Have We Been, Where Are We Now, and Where 

Should We Be Going?  Journal of Coastal Research SI #40:1-5. 

 

Thieler, E. R., A. L. Brill, W. J. Cleary, C. H. Hobbs III, and R. A. Gammisch.  1995.  Geology of the Wrightsville 

Beach, North Carolina Shoreface: Implications for the Concept of Shoreface Profile of Equilibrium.  Marine 

Geology 126:271-287. 

 

Thieler, E.R., W.C. Schwab, R.P. Signell, P.T. Gayes, and M.S. Harris, 2001.  The shoreface as a source and sink for 

beach nourishment.  Geological Society of America Southeastern Section Annual Meeting, 2001 Abstracts with 

Program.  P.  A-20. 

 



Shoreline Stabilization BMPs 21 

Thom, R.M., G. Williams, A. Borde, J. Southard, S. Sargeant, D. Woodruff, J.C. Laufle, and S. Glasoe.  2005.  

Adaptively Addressing Uncertainty in Estuarine and Near Coastal Restoration Projects.  Journal of Coastal 

Research SI#40:94-108. 

 

Titus, J.G.  1990.  Greenhouse effect, sea level rise, and barrier islands: Case study of Long Beach Island, New Jersey.  

Coastal Management 18(1990):65-90. 

 

Titus, J.G. and V. Narayanan.  1995.  The Probability of Sea Level Rise.  Washington, D.C.: U.S. Environmental 

Protection Agency, EPA 230-R95-008, 186 pp. 

 

Trembanis, A.C., H.R. Valverde, and O.H. Pilkey. 1998.  Comparison of Beach Nourishment Along the U.S. Atlantic, 

Great Lakes, Gulf of Mexico and New England Shorelines.  Journal of Coastal Research Special Issue #26.  

Pp. 246-251. 

 

U.S. Minerals Management Service (US MMS).  1996.  Marine Mining Technologies and Mitigation Techniques:  A 

Detailed Analysis With Respect to the Mining of Specific Offshore Mineral Commodities.  OCS Report MMS 

95-0003.   

 

______.  1999.  Environmental Report – Use of Federal Offshore Sand Sources for Beach and Coastal Restoration in 

New Jersey, Maryland, Delaware, and Virginia.  OCS Study MMS 99-0036.  Office of International Activities 

and Marine Minerals.  Prepared by The Louis Berger Group, Inc., Contract Number 1435-01-98-RC-30820.  

Various paginations. 

 

______.  2001.  Final Report: Development and Design of Biological and Physical Monitoring Protocols to Evaluate 

the Long-term Impacts of Offshore Dredging Operations on the Marine Environment.  OCS Study MMS 2001-

089.  116 pages + appendices. 

 

Valverde, H.R., A.C. Trembanis and O.H. Pilkey. 1999.  Summary of Beach Nourishment Episodes on the U.S. East 

Coast Barrier Islands.  Journal of Coastal Research.  15(4):1100-1118. 

 

Van der Wal, D.  2004.  Beach-Dune Interactions in Nourishment Areas along the Dutch Coast.  Journal of Coastal 

Research 20(1):317-325. 

 

Van Dolah, R.F., P. H. Wendt, R. M. Martore, M. V. Levisen, W. A. Roumillat. 1992.  A Physical And Biological 

Monitoring Study Of The Hilton Head Beach Nourishment Project.  Marine Resources Research Institute, 

South Carolina Marine Resources Division, Charleston, S.C.  159 pp. 

 

Van Dolah, R.F., R. M. Martore, and M.V. Levisen. 1993.  A Physical And Biological Monitoring Study Of The Hilton 

Head Beach Nourishment Project.  Supplemental report prepared by the South Carolina Marine Resources 

Research Institute for the Town of Hilton Head, South Carolina. 

 

Van Dolah, R. F., Martore, R. M., Lynch, A. E., Wendt, P. H., Levisen, M. V., Whitaker, D. J., and W. D. Anderson. 

1994. Final Report. Environmental Evaluation Of The Folly Beach Nourishment Project. South Carolina 

Department of Natural Resources, Marine Resources  Division, Charleston SC. Prepared for the United States 

Army Corps of Engineers, Charleston District, Charleston, SC. 

 

Wang, P., J.H. Kirby, J.D. Haber, M.H. Horwitz, P.O. Knorr, and J.R. Krock.  2006.  Morphological and 

Sedimentological Impacts of Hurricane Ivan and Immediate Poststorm Beach Recovery along the 

Northwestern Florida Barrier-Island Coasts.  Journal of Coastal Research 22(6):1382-1402. 

 

Weinstein, M.P., and L.L. Weishar.  2002.  Beneficial Use of Dredged Material to Enhance the Restoration Trajectories 

of Formerly Diked Lands.  Ecological Engineering 19(2002):187-201. 

 

West, A.D., J.D. Goss-Custard, R.A. Stillman, R.W.G. Caldow, S.E.A. le V. Dit Durell, and S. McGrorty.  2002.  

Predicting the Impacts of Disturbance on Shorebird Mortality Using a Behaviour-based Model.  Biological 

Conservation 106(3):319-328. 

 



Shoreline Stabilization BMPs 22 

Weston, M.A., and M.A. Elgar.  2007.  Responses of Incubating Hooded Plovers (Thinornis rubricollis) to Disturbance.  

Journal of Coastal Research 23(3):569-576. 

 

Wilber, D.H., D.G. Clarke, and M.H. Burlas.  2006.  Suspended Sediment Concentrations Associated with a Beach 

Nourishment Project on the Northern Coast of New Jersey.  Journal of Coastal Research 22(5):1035-1042. 

 

Williams, S.J., and B.T. Gutierrez.  2009.  Sea-level Rise and Coastal Change:  Causes and Implications for the Future 

of Coasts and Low-lying Regions.  Shore and Beach 77(4):13-21. 

 

 


